Quasi-one dimensional electron systems have been created using a suspended helium film on a structured substrate. The electron mobility along the channel is calculated by taking into account the essential scattering processes of electrons by helium atoms in the vapor phase, ripplons, and surface defects of the film substrate. It is shown that the last scattering mechanism may dominate the electron mobility in the low temperature limit changing drastically the temperature dependence of the mobility in comparison with that controlled by the electron-ripplon scattering.
There has been great interest in the study of the quasi-one-dimensional electron system (Q1DES) produced on the liquid helium surface [1] [2] [3] [4] [5] [6] [7] [8] [9] in which the motion of usual quasitwo-dimensional (Q2D) surface electrons (SE) [10] is restricted in one more spatial direction.
In most methods to realize the Q1D electron system, the charged channels are formed when parallel strips of a dielectric substrate are filled with liquid helium due to the capillary forces.
The curvature radius R of the liquid into the strip can be varied in wide range. The profile of the liquid surface across the channel (y direction) can be assumed to have a semicircular form z 0 = R 1 − 1 − (y/R) 2 ≃ y 2 /2R for y ≪ R, where R = α/ρgH with α and ρ are the surface tension and the helium density, respectively, g is the acceleration of the gravity, and H is the bulk helium level below the stripped structure. The electron confinement across the channel is achieved by the action of a holding electric field E ⊥ along the normal direction to the liquid surface (z axis). As a result the electron near the channel bottom is subjected to the parabolic potential
[11]
Quite recently, it was shown that very stable suspended helium films over a structured substrate can be created with arbitrary thickness, as depicted in Fig. 1 . [7, 12] Under certain conditions (the distance between the elevations must be smaller than the capillary length), the helium film does not follow the substrate form but fills the depressions through capillary condensation. The film thickness d is controlled by channel width W and the bulk level height H. This method is useful to laterally confine the electrons in a sub-micrometer case and generate Q1DES above helium films. This system can be modelled in a similar form as before, but an effective holding field E * ⊥ replaces now E ⊥ in the confined frequency ω 0 due to the contribution of the polarization interaction of the electron with the solid substrate: For wide enough rectangular strips, the curvature effects can be discarded especially for small d and high electron densities which lead to a flat profile in the centre of channel.
However, charged electrodes may be arranged in such a way that the applied gate voltage produces an effective lateral electrostatic confinement. [6, 9] The electrostatic potential should be calculated using the Poisson equation with appropriate boundary conditions. However for |y| ≪ W , the same model can be used, but U(y) now depends on ω
es , where ω es is the characteristic electrostatic frequency.
In this paper, we study the transport properties of the Q1DES over helium film. Despite of different possible ways to create the system, the electron states inside the channel can be simply described. Indeed the electron potential energy can be written as
where Λ 0 = e 2 (ε He − 1) [4(ε He + 1)] and the characteristics of the channel geometry are given by ω conf within the harmonic approximation. The energy spectrum and the wave function for electron in the plane are [14] Then the approximation z 0 ≃ y 2 /R is rather good and the condition y ≪ R is well satisfied.
The electron multisubband spectrum leads to rather interesting transport properties along the channel. The main scattering mechanisms are the electron interaction with atoms in the vapor phase predominating at T > 1 K, the electron-ripplon interaction at lower temperatures, and the electron scattering by surface defects at the helium-substrate interface
As it was shown the latter scattering can dominate the SE mobility over a helium film in the low temperature regime. [15] The electron mobility in the Q1D channel over bulk helium was calculated in Ref.
[14] taking into account the population of the excited subbands in the y direction when ℏω conf T (note that with ℏω conf ≃ 0.8 K for ω conf ≃ 10
11
Hz). However the contribution of n > 1 subbands can be discarded for T ≪ ℏω conf . Here we limit ourselves to this regime and neglect quantum statistics effects (Fermi energy is much smaller than T ).
The electron mobility along the channel in the limit ℏω conf /T ≫ 1 is given as [14]
where x = ℏk 2 x /(2mω conf ). The collision frequencies ν g (x), ν r (x), and ν d (x) denote the electron collisions with vapor atoms, ripplons, and defects, respectively.
The collision frequency with helium atoms is given by ν g (x) = 3ℏn g γA/8m √ x, where n g is the volume concentration of helium atoms and A ≃ 4.676 × 10 −16 cm −2 is the scattering cross-section. Note that the contribution of ν g (x) becomes negligible for T < 1 K because n g decays exponentially with T . The electron mobility is dominated from contributions of ν r (x) and ν d (x) in that temperature range.
In order to calculate ν r (x), we use the expression [14]
Here 
Here x c = ℏρg ′ /8αmω conf . In the limit d → ∞ and guessing g = 0 one obtains
which reproduces the result of Ref. [11] .
The general expression for ν d (k x ) can be written as
where ξ sq is the Fourier transform of the solid interface displacement from equilibrium posi-
, with K 1 (x) the modified Bessel function. [15] To calculate the electron-defect contribution, we use the well-known Gaussian two-parameter model for surface defects in which the correlation function ξ(r)ξ(r
depends on ξ 0 and a playing the roles of characteristic defect height and width respectively.
[17] This model leads to |ξ sq | 2 = πξ 2 0 a 2 exp (−q 2 a 2 /4) and was used to explain the SE transport properties over a thin helium film [15] and over solid hydrogen. [18] The final
where
For a ideal surface substrate (ν d (x) = 0) the electron mobility is determined by ν r (x) and is given by
for large enough d and x c so small that the condition T ≫ ℏω conf x c is fulfilled, even though
. In case of thin films with T ≪ ℏω conf x c , the asymptotic expression for ripplon limited mobility is
dence of the mobility from a thick to a thin film. One estimates this transition at d 10
cm for actual substrate materials.
The situation becomes rather interesting when one includes the defect contributions of solid substrates. Indeed for realistic values of a = 10 −6 cm, d in the same range, and
is near two orders of magnitude larger than ν r (x) for x = x T = T /ℏω conf and gives the major contribution to the integral of Eq. (2). In such a condition, the defectlimited mobility is given as
valid for above-mentioned values of ξ 0 and a and T 0.1 K. Here ν
The results for mobility, given by Eqs. (8) (9) (10) , are obtained in the single-electron approximation (SEA). Meantime, by increasing electron density, the effects of electron correlations can influence the electron transport properties. To take these effects into account one can apply the so-called complete control approach (CCA) or the Boltzmann shifted distribution approximation, where we assume that the electrons have equal drift velocity u and their distribution function is close to exp[−ℏ 2 k 2 x /2mT + ℏk x u/T ]. This approach has been successfully used in calculating the electron mobility in both Q1DES and Q2DES over bulk helium. [14, 19] It is valid when the electron-electron collision frequency is significantly larger than the frequencies ν r (x), ν g (x), and ν d (x). The method of calculation is described in details in Ref. [14] . The final expression for the ripplon-limited mobility in the CCA is
for thick films where T ≫ ℏω conf x c . In the opposite limit µ 
